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Abstract  
In order to approve the direction property of multi-element linear ultrasonic transducer array, the multi-element 
phase-controlled technique was adopted. Here we have explored the detected direction influence from dominant 
frequency, number of multi-element transducer and space between transducer on direction of multi-element linear 
ultrasonic transducer array. These results show that large sub-array has good direction property when the main 
frequency of detector is low. However it is contrary for high frequency of ultrasonic detector. This will be 
significative in photoacoustic signal detection and image reconstruction. 
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1. Introduction 
Photoacoustic effect is based on irradiating absorbers with time-resolved light [1]. Absorption of the 
light results in a rapid thermoelastic expansion leading to an initial stress distribution, the ultrasonic 
waves propagate to the surface where they are detected by an ultrasound detector in various directions. 
The image of the internally absorbed time-resolved light energy distribution can be reconstructed from the 
detected time-resolved photoacoustic signals. This imaging method combines the advantages of pure 
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optic imaging and pure ultrasonic imaging, which can acquire images with high resolution and high 
contrast [2-4]. The difference of light absorption of tissue not only reflects its character of structure but 
also reflects its metabolize and character of pathological changes, because tissues in different physiology 
condition have different light absorption coefficients [5]. For example, the absorption contrast between 
breast tumors and normal breast tissues can be as high as 500% at the near infrared [6]. 
In order to improve the quality of reconstructed image or apply the technique in the clinic diagnosis, 
many systems of photoacoustic signal collecting and image reconstructing were building-up[7-11], some 
reconstruction algorithms were developed[12-17], or functional imaging in vivo were reported[18-19]. In 
fact, the quality of photoacoustic imaging mostly depended on capability of transducer, such as dominant 
frequency, bandwidth[20], sensitivity, size of transducer, et al.  
Here we have explored the detected direction influence from dominant frequency, number of multi-
element transducer and space between transducer on direction of multi-element linear ultrasonic 
transducer array. These results show that large size sub-array has good direction property when the main 
frequency of detector is low. However it is contrary for high frequency of ultrasonic detector. This will be 
significative in photoacoustic signal detection and image reconstruction. 
2.  Theory  
Based on the photoacoustic effect, the light absorption distribution of tissues can be reconstructed by 
photoacoustic signals detected in different directions. Assuming that the temporal distribution of the short 
pulse laser is unit height and width , the relation of photoacoustic pressure ),r( tp in a position and 
coefficient of optic absorption )r(A  can expressed as following [7],  
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Where 
pC  is the specific heat;  is the isobaric volume expansion coefficient; 0c  is the sound speed; 0I  
is intensity of optic;  is the position of field point,  is the source point,  is the distance between 
field point and source point. Practically, the detected photoacoustic signal )(tpd  is the convolution of 
photoacoustic pressures ),( trp  and impulse response )(th of transducers, in order to remove the impulse 
response of transducers, taking Fourier transform of photoacoustic pressure and impulse response of 
transducers, then ),( trp  can be obtained by deconvolution the impulse response of the transducer from 
the measured photoacoustic signal [8], 
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Where )(dp  and )(I  were the Fourier transform of the photoacoustic signal )(tpd  and )(th , the 
impulse response of the detector. c  is the cut-off frequency, the apodizing function )cos(1 c  is 
used to bandwidth limit the signal to c . In this case c =10MHz. The impulse response of the linear 
transducer array was measured by illuminating a black rubber belt with a weak focused pulse laser. The 
linear transducer array is behind the black rubber belt. 
When a linear transducer array is used to detect laser-photoacoustic signals, because individual 
transducer of the transducer array is of finite size, the directivity of transducer must be taken into account. 
Let the transducer array consist of N rectangular transducers with spacing d between the piezo-elements, 
and the dimension of individual piezo-elements is a×b. L is the total length of the linear transducer, 
L=N×d. Here we only consider the directivity perpendicular to the short side of the transducer array. 
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The linear transducer array has the advantage of plane information collection and we only consider the 
directivity in the image plane. The directivity pattern function of individual rectangle transducer can be 
expressed as follow, 
)sin(
))sin(sin(
)( a
a
d                                                                       (3) 
Where  is the ultrasound wavelength and  is the incidence angle of acoustic waves approaching to the 
transducer. And the directivity pattern function of the transducer array )(D can be expressed, 
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3.  Direction property of sub-array  
When a linear transducer array is used to detect laser-photoacoustic signals, the directivity of 
transducer must be taken into account, and the main frequency of detector is an important parameter. Here 
we have explored the detected direction influence from dominant frequency, number of multi-element 
transducer and space between transducer on direction of multi-element linear ultrasonic transducer array. 
Figures 1-4 were the direction characteristic of sub-array with the dominant frequency of 1.5MHz, 
3.5MHz, 5.5MHz and 7.5MHz respectively. The number of multi-element transducer is 11 in  Figures 
1(a)~4(a) ,31 in Figures 1(b)~ 4(b) and 51 in Figures 1(c)~4(c) respectively. The space between 
transducers can choose d=0.3~0.9mm, d=0.2~0.4mm and d=0.1~0.2mm in figure 1(a)~(c) respectively, 
considering the size of individual transducer and number of multi-element transducer and the direction 
characteristic. The space between transducers can choose d=0.2~0.9mm, d=0.1~0.3mm and 
d=0.1~0.2mmin figure 2(a)~(c) respectively; The space between transducers can choose d=0.2-0.6mm, 
d=0.1~0.2mm or 0.4mm and d=0.1~0.2mm in figure 3(a)~(c) respectively; The space between 
transducers can choose d=0.1~0.5mm or d=0.7-0.9mm, d=0.1mm or 0.3mm and d=0.1~0.2mm in figure 
4(a)~(c) respectively.  
These results show that large size sub-arrays has good direction property when the main frequency of 
detector is low. However it is contrary for high frequency of ultrasonic detector. The size of sub-arrays 
can choose 3.3~15 mm, 2.2~11 mm, 2.2~7.7 mm and 1.1~5.5 mm with dominant frequency of 1.5MHz, 
3.5MHz, 5.5MHz and 7.5MHz respectively, that is to say, the sub-arrays has good direction characteristic 
when the main frequency goes up and the size of sub-arrays can choose less. 
 
     
(a)                                        (b)                                       (c) 
Fig.1 The direction property of sub-array with main frequency of 1.5MHz: (a) N=11; (b) N=31; (c) N=51 
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(a)                                           (b)                                         (c) 
Fig.2 The direction property of sub-array with main frequency of 3.5MHz: (a) N=11; (b) N=31; (c) N=51 
    
(a)                                      (b)                                         (c) 
Fig.3 The direction property of sub-array with main frequency of 5.5MHz: (a) N=11; (b) N=31; (c) N=51 
    
(a)                                      (b)                                             (c) 
Fig.4 The direction property of sub-array with main frequency of 7.5MHz: (a) N=11; (b) N=31; (c) N=51 
4.  Experimental result and discussion 
Two-disc absorbers with diameters 1.2mm are simulated. The optical absorption coefficient of the 
absorbers is 1, and the absorption coefficient of background is zero, there is not difference of sound 
impedance between absorbers and background. The photoacoustic pressure, which is away from the 
absorber 5.0 cm, can be calculated by equation (2). The absorbers were reconstructed with both filter 
backprojection and phase-controlled algorithms based on linear scanning. PA pressures were calculated 
with the mathematical expressions.  For the simulations we assumed a linear array with 401 elements for 
use in signal detection. For the filter backprojection, each transducer collects signals independently. For 
the phase controlled algorithm, each dynamic cluster consists of 51 transducers (a total of 350 sampling 
points). Figure 5(a) shows the physical locations of the sound sources used for the simulation. PA signals 
are generated only at the highlighted locations in the figure. An image reconstructed based on the filter 
backprojection algorithm is shown in Fig. 5(b); the detector array is aligned in the horizontal axis of Fig. 
5(a). Figure 5(c) is the image reconstructed based on the phase controlled algorithm. Comparing Figs. 5(b) 
and 5(c), the image reconstructed based on the filter backprojection algorithm has severe artefacts.  
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(a)                              (b)                                       (c) 
Fig.5 The comparison of reconstruction images: (a) Simulation sample; (b) Reconstructed image with filter backprojection algorithm; 
(c) Reconstructed image with multi-element phase-controlled focusing algorithm; 
5. Summary and conclusion 
In order to approve the direction property of multi-element linear ultrasonic transducer array, the 
multi-element phase-controlled technique was adopted. Here we have explored the detected direction 
influence from dominant frequency, number of multi-element transducer and space between transducer on 
direction of sub-array. These results show that large size sub-array has good direction property when the 
main frequency of detector is low. However it is contrary for high frequency of ultrasonic detector. This 
will be significative in photoacoustic signal detection and image reconstruction. 
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